PTO 07-[1839] 



Japanese Extent 




Document N 



POLYPHOSPHOSILAZANE, ITS MANUFACTURING METHOD, AND CERAMIC 

CONTAINING PHOSPHORUS ATOMS 

[Porif osuf oshirazan To Sono Seizo Hoho 
Oyobi Rin Genshi Ganyu Seramikkusu] 

Toshiyoshi Takatsu, Yuji Tashiro, Toru Funayama, 



Tomohiro Kato, and Takeshi Isoda 



UNITED STATES PATENT AND TRADEMARK OFFICE 



Washington, D.C. 



January 2007 



Translated by: Schreiber Translations, Inc. 



Country 
Document No . 
Document Type 
Language 
Inventor 

Applicant 
IPC 



Application Date 
Publication Date 
Foreign Language Title 

English Title 



Japan 

Hei 4-164923 

Kokai 

Japanese 

Toshiyoshi Takatsu, Yuji Tashiro, 
Toru Funayama, Tomohiro Kato, and 
Takeshi Isoda 
Tonen K.K. 

C 08 G 77/60, C 04 B 35/36, 
35/58 

October 30, 1990 
June 10, 1992 

Porifosufoshirazan To Sono Seizo 
Hoho Oyobi Rin Genshi Ganyu 
Seramikkusu 

POLYPHOSPHOSILAZANE, ITS 
MANUFACTURING METHOD, AND CERAMIC 
CONTAINING PHOSPHORUS ATOMS 



/I 1 



Specification 
Title of the invention 



^o'lyphosphosilazr^, Its Manufacturing Method, and Ceramic 
Containing Phosphorus Atoms 



2. Claims 



1. ^^lyphosphosilazane) characterized by the fact that 
in a^poTys i lazan^ at least one kind of crosslinking bonds 
represented by the following general formulas (i)-(iv); the 



■pbo-3-pKor us /silicon atom^ ratio is in a range of 0.01-5; and the 
"■"nuffiBer^a-verage^molecular weight is about ZO'O-SOO, 

'(I) -P-i (H) -N-P-N-; 





1 Numbers in the margin indicate pagination in the foreign 
text . 



(In the formulas, R 6 represents hydrogen atom, halogen atom, and 
alkyl group, alkenyl group, cycloalkyl group, aryl group, alkoxy 
group, alkylami'no. group, hydroxyl group, or amino group having 
1-20 carbon atoms, and R 7 represents a residue being coupled with 
nitrogen atoms of the group having nitrogen atoms of R 6 .) 



2. A method for manuf acturing a (p oly^^ 
characterized b\LJth^^f a<5^^^ i 1 a z ane with a 




phosphorus/ silicon atom ratio in a range of 0.01-5 and a number 



average molecular weight in a range V^f 200-500, 000\Ls obtained 

r 



by reacting a^pfoTy^ a number average molecular 

weight of ab<^tt^ at lea^^ or^SiNlT) 

bond in the molecule and phosphorus compounds represemted^TSy'^the 



following. general formulas (I)-(V) 
~) PfK^ 
(ID ((R q 

(III) P(l 

(IV) P 2 0 5 

(V) OP(R q 

(In these fornTCTT^s, R q may be the same or different and 
represents hydrogen atom, halogen atom, and alkyl group, alkenyl 
group, cycloalkyl group, aryl group, alkoxy group, alkylamino 
group, hydroxyl group, or amino group having 1-20 carbon atoms, 
and n represents an integer of 2 or more.) 





3. The method of CTaim 2 ./characterized by the fact /2 
that said polysilazane is a polysilazane with a number average 
molecular weight of about 100-50,000 having a main skeleton 
mainly consisting of a unit represented by a general formula 
(VI) :' • 

I if Insert formula (VI) ll^% 



(In the formula, R 1 , R 2 , and .R 3 represent hydrogen atom^ 
group, alkenyl group, cycloalkyl group, aryl group, or groups in 



which groups being directly connected with silicons are carbons 
except for these groups, alkylsilyl group, alkylamino group, 
alkoxy group, and at least one of R 1 , R 2 , and R 3 is a hydrogen 
atom. ) 

4. A ceramic containing phosphorus, characterized by the 
fact that in a ceramic that includes at least silicon, nitrogen, 



and^plibsphorus^nd has a ohds"phorus/silicoh N atom ratio in a 

V ( v — 



range of 0.01-5, said ceramic" has a bond represented by a 



formula Si-O-P, Si-P, or P-N. 



5. The ceramic containing phosphorus of Claim 3, 
characterized by the fact that said ceramic is a transparent 
thin film with a refractive index of at least 1.6 or more. 
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3 . Detailed explanation of the invention 
(Industrial application field) 

The present invention pertains to a new 
'polyphosphosilazanfe> N its manufacturing method, and a ceramic 



c o n t a i n i n ^(^os^t^i^sj^ 



(Prior art and its problems) 

As adlysilazane, ^>erhydrosilazane, 





polyorgano (hydro) silazane ,)(polymethallosilazane )(as metals, for 



example, Ti, Al, Zr, B, etc., are included), etc., are^ reported, 



however there is no report about ^^yphosphosilazane^) 

These inventors found out that a polyphosphosilazane could 




be obtained by reacting^o^ys£lTzan^>and a phosphor us com pound/ 
At the same time, it was found put that the polyphosphosilazane 
had excellent adhesion with various kinds of base materTals, 
could easily prepare a thin film by a simple coating method such 
as dip coating and spray coating and if the thin film was heat- 
treated, a transparent ceramic thin film with a high refractive 
index could be obtained, compared with a ceramic thin film being 
obtained from a conventional polysilazane . 
(Purpose of the invention) 

Accordingly, the purpose of the present invention is to 
provide a new p^^sTlaza^) which has excellent adhesion to 
various kinds of base materials and gives a transparent ceramic 




thin film with a high refractive index by a heat treatment, its 
manufacturing method and a ceramic containing phosphorus 

(Means to achieve the Tfiverrtio^y — 

The present invention provides a polyphosphosilazane 
characterized by the fact that in a polysilazane, at least one 
kind of crosslinking bonds represented by the following general 
formulas (i)-(iv); the phosphorus/silicon atom ratio is in a 
range of 0.01-5; and the number average molecular weight is 
about 200-500,000. 

//.Insert formulas (i)-(iv) // 




(In the formulas, R 6 represents hydrogen atom, halogen atom, and 
alkenyl group, cycloalkyl group, aryl group, alkoxy 
group, alkylamino group, hydroxyl group, or amino group having 
1-20 carbon atoms, and R 7 represents a residue being coupled with 
nitrogen atoms of the group having nitrogen atoms of R 6 .) 

Also, the present invention provides a method for 
manufacturing a polyphosphosilazane characterized by the fact 
that a polyphosphosilazane with a phosphorus/silicon atom ratio 

6 



alkyl groups 



in a range of 0.01-5 and a number average molecular weight in a 



range of 200-500,000 is obtained by reacting ) 4polysilazane Jtfit} 
a number average molecular weight of about 100-500,000 having at 
least_ a SiH bond or SiNH bond in the molecule and^_phos^horus ) 



compounds-represented by the following general formulas (iT^V) . 




(I) P(R") 2 

(II) ((R 4 ) 2 PN)„ 

(III) P(R 4 ) 5 

(IV) P 2 0 5 



(V) OP(R*) 2 



\ 



(In these formulas, R 4 may be the same or different and 



represents hydrogen atom, halogen atom, and alkyl group, alkenyl 
group, cycloalkyl group, aryl group, alkoxy group, alkylamino /3 
group, hydroxyl group, or amino group having 1-20 carbon atoms, 
and n represents an integer of 2 or more.) 

Furthermore, the present invention provides a ceramic 
containing phosphorus characterized by the fact that in a 
ceramic that includes at least silicon, nitrogen, and phosphorus 
and has a phosphorus/silicon atom ratio in a range of 0.01-5, 
said ceramic has a bond represented by a formula Si-O-P, Si-P, 
or P-N. 

In the polysilazane being used as a raw material in the 
present invention, the number average molecular weight having at 



least a SiH bond or SiNH bond in_ttiejm^ in a range of 

about 100-50, 00 0. such a ^oJ^ ilazane ^ perhydrosilazane, N ) 

polyorgano (hydro) silazaneNand polymethallosilazane are > f - 




uncluded, 



As the ^osphorjusjc^mpound being reacted with the 
polysilazane, phosphorus compounds represented by the above- 
mentioned general formulas (I)-(V) are used. As its detailed 
examples, alkylphosphine and aryl phosphine (for example, \ 

trimethylphosphine, triethylphosphine, tripropylphosphine, \ 

\ 

tributylphosphine, triphenylphosphine, etc.); phosphorous ester / 
(for example, trimethyl phosphite, triethyl phosphite, tripropyl 
phosphite, tributyl phosphite, etc.); phosphoric ester (for 
example, trimethyl phosphate, triethyl phosphate, tributyl 
phosphate, etc.); amidephosphine (for example, hexamethyl 
phosphorus triamide, hexamethyl phosphoric triamide, etc.); 
phosphazene (for example, phosphonitric chloride trimer) , 
phosphine halide (for example, phosphorus trichloride, / 
phosphorus pentachloride, etc.); phosphoric acid, etc., a're 
mentioned. 



In other words, in the polyphosphosilazane of the present 
invention, the polysilazane being used as its raw material has a 
first characteristic. 
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The reaction of such a pi 
compounds and the structure of cbmpoun'dg^being obtained by the 
reaction depend on the kind of phosphorus compounds. 

For example, in case P (R 4 ) 2 represented by the general 
formula (I) is used as the ^^j^^rus^ompound, the 
polyphosphosilazane being obtained is a compound characterized 
by having a side chain group or ring-shaped and crosslinked 
structures in which hydrogen atoms bonded wi£.h_a£_Jeast partial 
silicon atoms of the main skeleton of th(^polysilaza^ 



hydrogen atoms bonded with nitrogen atoms are reacted wit^P|R^ 2 
and the silicon atoms and/or nitrogen atoms are condensed with 
P(R 4 ) 2 . 

Next, the reaction of the polysilazane and phosphorus 
compounds is mentioned in detail. 

In the reaction of a Si-H bond of the polysilazane and a 
substance having an alkoxy group of P(R 4 ) 2 , an alkoxy (OR 5 ) of a 
phosphorus compound P(OR 5 )mR 4 2 _ m (R 5 represents an alkyl group, m 
1, 2, and 3) pulls out the hydrogen atom of the Si-H bond, 
generates R 5 H, and isolates it, so that a Si-O-P bond is formed 

// Insert reaction (1) // 
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On the other hand, in the reaction of a N-H bond of the 
polysilazane and P (OR 5 ) mR 4 2 _ m , the hydrogen atom of the N-H bond is 
pulled out by P (OR 5 ) mR 4 2 - m , so that a N-P bond is formed as 
follows . 



Since P (OR 5 ) mR 4 2 _m can be trif unctional at maximum, the 
polyphosphosilazane being generated can be a mono- to 
trif unctional polymer with respect to phosphorus in accordance 
with the kind of starting P (OR 5 ) mR 4 2 -m and the reaction 
conditions. The monof unctional polymer has the following 
structure in which a pendant group is introduced into Si and/or 
N of the main chain of the polysilazane. 



In the di- and trif unctional polymers, ring-shaped and 
crosslinked structures are f ormed^v^T*^p" atoms in 
polysilazaneN skel eto n. In the ring-shaped structure, a 



structure in which two functional groups in one molecule of 



// Insert reaction (2) // 



// Insert formulas (3) and (4) // 
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P (OR 5 )mR 4 2-m are condensed with the adjacent silicon atom and 



nitrogen atom of the^polysilazane \s included. The 




crosslinked structure is generated when two or more functional 
groups of P(OR 5 )mR 4 2 -m are condensed with the polysilazane of two 
molecules or more. 



Also, the above-mentioned ring-shaped structure and 
crosslinked structure are simultaneously provided into the 
trifunctional polymer. Usually, polymers represented by 
formulas (3) -(8) are obtained by the reaction with the 
polysilazane P (OR 5 ) mR 4 2 -m- 

As mentioned above, the change in the structure from the 
polysilazane to the polyphosphosilazane is the formation of a 
new pendant group or ring-shaped and crosslinked structures 



In the reaction of a Si-H bond of the polysilazane and a 
substance having a halogen atom of P(R 4 ) 2 , the halogen of a 

11 



// Insert formulas (5) -(8) // 




phosphorus compound PX m (R 4 ) 2 - m (X represents a halogen atom, m = 
1, 2, and 3) pulls out the hydrogen atom of the Si-H bond, 
generates HX, and isolates it, so that Si-P bond is formed. 

// Insert reaction (9) // 



On the other hand, in the reaction of a N-H bond of the 
polysilazane and the phosphorus compound having a halogen atom, 
the hydrogen atom of the N-H bond is pulled out, so that a N-P 
bond is formed as follows. 

// Insert reaction (10) // 



Since the phosphorus compound PX m (R 4 ) 2 - m can be trif unctional 
at maximum in accordance with the number of halogen atom, the 
polyphosphosilazane being generated can be a mono- to 
trif unctional polymer with respect to phosphorus. The 
monof unctional polymer has the following structure in which a 
pendant group is introduced into Si and/or N of the main chain 
of the polysilazane. 

// Insert formulas (11) and (12) // 
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In the di- and trif unctional polymers, ring-shaped and 



crosslinked structures are formed via P atoms in the 



polysilazane skeleton. In the ring-shaped structure, a 
structure in which two functional groups in one molecule of the 
phosphorous compound are condensed with the adjacent silicon atom 
and nitrogen atom of the polysilazane is included. The 
crosslinked structure is generated when two or more functional 



Also, the above-mentioned ring-shaped structure and 
crosslinked structure are simultaneously provided into the 
trif unctional polymer. 




k of two molecules or more. 



compound are condensed with the 



// Insert formulas (13) -(16) // 



substance having a hydrogen atom 



In the reaction of a Si-H bond of the polysilazane) and a 
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P(R 4 ) 2 , the hydrogen atom of ^^osphorup compound PH m (R 4 ) 2 - m 
pulls out the hydrogen atom of the^ Si-H bond, generates H 2 , and 
isolates it, so that Si-P bond is formed. 

// Insert reaction (17) // 



On the other hand, in the reaction of a N-H bond of the 
polysilazane and the phosphorus compound having a hydrogen atom, 
the hydrogen atom of the N-H bond is pulled out, so that a N-P 
bond is formed as follows, 

// Insert reaction (18) // /5 



Since the phosphorus compound PH m (R 4 ) 2 - m can be trif unctional 
at maximum in accordance with the number of halogen atom, a 
polyphosphosilazane with a structure similar to that explained 
for the phosphorus compound PX m -i(R 4 ) 2 _ m can be generated. 

In the reaction of a Si-H bond of the polysilazane and a 
substance having alkyl group, alkenyl group, cycloalkyl group, 
aryl group, and alkylamino group, the organic group of the 
phosphorus compound P(R 4 ) 2 pulls out the hydrogen atom of the 

14 



Si-H bond, generates R 4 H, and isolates it, so that Si-P bond is 
formed. 

// Insert reaction (19) // 



However, in case one side of the group being bonded with a 
nitrogen atom in the alkylamino group is a hydrogen atom, a 
dehydrogenation reaction is caused, and a Si-N-P bond is formed 
by the following reaction. 

// Insert reaction (20) // 



On the other hand, in the reaction of a N-H bond of the 
polysilazane and the phosphorus compound having alkyl group, 
alkenyl group, cycloalkyl group, aryl group, or alkylamino 
group, the hydrogen atom of the N-H bond is pulled out, so that a 
N-P bond is formed as follows. 

// Insert reaction (21) // 
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Since the phosphorus compound P(R 4 ) 2 can be trif unctional at 
maximum, the polyphosphosilazane being generated has a structure 
similar to the case where the above-mentioned phosphorus 
compound PX m (R 4 ) 2 - m or PH m (R 4 ) 2 -m is used in accordance with the 
kind of starting phosphorus compound or the reaction conditions. 



In the reaction of a Si-H bond of the ^olysilazane^and a 
substance having an amino group and a hydroxyl^^^oTIp"*"of the 
phosphorus compound P(R 4 ) 2 , the hydrogen atom in Z of a 
phosphorus compound PZ m (R 4 ) 2 - m (Z represents an amino group or 
hydroxyl group) pulls out the hydrogen atom of the Si-H bond, 
.generates H 2 , and isolates it, so that a Si-N-P bond or Si-O-P 
bond is formed. 



On the other hand, in the reaction of a N-H bond of the 
polysiiazane'Nand the phosphorus compound having an amino group 



and a hydroxyl group, the hydrogen atom of the N-H bond is pulled 
out, so that a N-P bond or N-O-P bond is formed as follows. 

// Insert reactions (24) and (25) // 




// Insert reactions (22) and (23) // 




Since the phosphorus compound PZ m (R 4 ) 2 -m can be trif unctional 
at maximum in accordance with the number of amino group and the 
hydroxyl group, the polyphosphosilazane being generated can be a 
mono- to trif unctional polymer with respect to phosphorus. The 
monof unctional polymer has the following structure in which a 
pendant group is introduced into Si and/or N of the main chain 
of the f^^sila^zane^ 

^ // Insert formulas (26) -(29) // 



In the di- and trif unctional polymers, ring-shaped and 
crosslinked structures are formed via P atoms in the 

skeleton. In the ring-shaped structure, a 
structure in which two functional groups in one molecule of the . 
phosphorous compound are condensed with the adjacent silicon atom 

17 




and nitrogen atom of the polysilazane is included. The 
crosslinked structure is generated when two or more functional 
groups of the phosphorous compound are condensed with the 
of two molecules or more. 

// Insert formulas (30) -(37) // 



polysilazane" 



Also, the above-mentioned ring-shaped structure and /6 
crosslinked structure are simultaneously provided into the 
trif unctional polymer. 



Next, the reaction of the( polysilazane) and a substance of n 



^hos 



= 3 of the /phosphazene ( (R 2 PN) n n is shown 




In the reaction of a Si-H bond of the polysilazane and 
(R 2 4 PN) 3 , R 4 group of (R 2 4 PN) 3 pulls out the hydrogen atom of the 
Si-H bond, generates R 4 H, and isolates it, so that a Si-P bond is 
formed. 

// Insert reaction (38) // 
18 



On the other hand, in the reaction of a NH bond of the 



<5 



polysilazane) and ({ R 2 4 PN) 3 , \t I = h Iroger atom f the NH bond is 
pulled out by R 4 of 7 (R 2 4 PN) 3S so that a N-P bond is newly formed, 

// Insert reaction (39) // 



Since (R 2 4 PN) 3 can be hexaf unctional at maximum, the 
polyphosphosilazane being generated can be a mono- to 
trif unctional polymer with respect to the phosphazene molecule 
in accordance with the kind of starting (R 2 4 PN) 3 or the reaction 
conditions. The monof unctional polymer has the following 
structure in which a. pendant group is introduced into Si and/or 
N of the main chain of the polysilazane . 

// Insert formulas (40) and (41) // 



19 



In the di- to hexaf unctional polymers, ring-shaped and 
crosslinke d st ructures are formed via the phosphazene molecules 
in th^p o^ 

In the ring-shaped structure, a structure in which two or 
more functional groups in one molecule of the phosphazene are 
condensed with the silicon atoms and/or nitrogen atoms of the 
same ^SoTy^ is included. The crosslinked 

structure is generated when two or more functional groups of the 
phosphazene are condensed with the polysilazane of two molecules 
or more. 

// Insert formulas (42) -(48) // 



Also, the above-mentioned ring-shaped structure and /7 
crosslinked structure are simultaneously provided into the 
trif unctional polymer. 
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The polysilazane being used in the present invention is a 
polysilazane having at least a Si-H bond or Si-N-H bond in the 



mo 



lecule, however a copolymer of tl^e^olysilaza^^ and other 



polymers or a mixture of the polysilazane and other compounds 
can also be employed, not to mention a single polysilazane. 

In the polysilazane being^used in the present invention, 
there are polysilazanes with chain shape, ring shape, or 
crosslinked structure or polysilazanes that simultaneously have 
these several structures in the molecule, and they can be used 
alone or as a mixture. 



" the/polys i la zane^being pre k a bly ) id in he presenl 
invention, a polysilazane with a number average molecular weight 
of about 100"^5XL/.00 0 having *a main skeleton mainly* consisting of 
a unit represented by the following general formula (VI) : 

// Insert formula (VI) // 



(In the formula., R 1 , R 2 , and R 3 represent hydrogen atom, alkyl 
group, alkenyl group, cycloalkyl group, aryl group, or groups in 
which groups being directly connected with silicons are carbons 
except for these groups, alkylsilyl group, alkylamino group, 
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alkoxy group, and at least one of R 1 , R 2 , and R 3 is a hydrogen 
atom. ) 

In general, R 1 , R 2 , and R 3 of the above-mentioned general 
formula (VI) are preferably selected from a group comprised of 
alkyl group having 1-5 carbon atoms, cycloalkyl group having 5-7 
carbon atoms, aryl group, alkylsilyl group having 1-4 carbon 
atoms, alkylamino group having 1-5 carbon atoms,, and alkoxy 
group having 1-5 carbon atoms since the steric hindrance is 
small. More preferably, they are selected from hydrogen group, 
methyl group, ethyl group, vinyl group, allyl group, methylamino 
group, ethylamino group, methoxy group, and ethoxy group are 
selected. 

It is a perhydropolysilazane that has hydrogen atoms in 
R 1 , R 2 , and R 3 of the general formula (VI), and its manufacturing 
method is reported in Japan Kokai Patent Application No. Sho 
60 [1985] -145903 and Communication of Am. Cer. Soc, C-13, 
January , 1983 by D. Seyferth et al., for instance. It is a 
mixture of polymers having various structures that is obtained 
by these methods, and it basically includes a chain-shaped part 
and a ring-shaped part in the molecule and can be represented by 
a chemical formula - (-SiH 2 NH-) a - (-SiH 2 N-) b - (SiH 2 ) c (a + b + c = 
1) . An example of the structure of the perhydropolysilazane is 
shown as follows.- 

22 



// Insert A // 



The method for manufacturing then polysilazaneNhaving 



^ poly silazari^t' 



hydrogen atoms in R 1 and R 2 and a methyl group in R 3 in the 
general formula (VI) is reported in Polym. Prepr., Am. Chem. 
Soc, Div. Polym. Chem., 25, 10 (1984) by D. Serferth et al. 
The polysilazanes being obtained by this method are a chain- 
shaped polymer and a ring-shape polymer having a repeated unit 
of - (-SiH 2 NCH 2 -) -, and any of them has no crosslinked structure. 

The method for manufacturing a polyorgano (hydro) silazane 
having hydrogen atoms in R 1 and R 2 and an organic group in R 3 in 
the general formula (VI) is reported in Polym. Prepr., Am. Chem. 
Soc, Div. Polym. Chem., 25, 10 (1984) by D. Serferth et al. and 

Japanese Kokai Patent Application No. Sho 61 [1986] -89230 . The 


polysilazane being obtained by these methods has a repeated unit 

of '^^^^^^^^j)' ancl ma:i - n ly has a ring-shaped structure with the 
degree of polymerization of 3-5 or simultaneously has a chain- 
shaped structure and a ring-shaped structure in the molecule 
represented by a chemical formula of (R 2 SiHNH) x [ (R 2 SiH) 1-5N] i_ x 
(0.4 < x < 1) . 
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The polysilazane having a hydrogen atom in R 1 and organic 
groups in R 2 and R 3 in the general formula (VI) and the 
polysilazane having organic groups in R 1 and R 2 and a hydrogen 
atom in R 3 have a repeated unit of - (-R 1 R 2 SiNR 3 -) - and mainly have 
a ring-shaped structure with the degree of polymerization of 3- 
5. 

Next, among the polysilazanes being used in the present 
invention, its representative examples except for the general 
formula (VI) are mentioned. 



Among tke^pblyorgano (hydro) silazanes>^a crosslinked 




structure sometimes exi^t^iTT^riT^moI^cule as reported in 
Communication of Am. Cer. Soc, C-132, July 1984 by D. /8 
seyferth et al. Its one example is shown below. 
R H | R H fl 




Also, d polysilazane/(R 1 Si (NH) x ) having a crosslinked 
structure being obtained by an ammonia decomposition of R x SiX 2 
(X: halogen) as reported in Japanese Kokai Patent No. Sho 
49 [1974 ] -69717 or a polysilazane having the following structure 
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being obtained by a co-ammonia decomposition of R 1 SiX 2 and R 2 2 SiX 2 
can also be used as a starting raw material of the present 
invention . 




(m, n: Positive integers) 
If the • polysilazane being used in the present invention has 
a main chain skeleton consisting of the unit represented by the 
general formula (VI), the unit represented by the general 
formula (I) is cyclized as also seen from the above-mentioned 
case. In this case, its ring-shaped part is a terminal group, 
and if the polysilazane is not cyclized, the terminal of the 
main chain skeleton can be a group similar to R 1 , R 2 , and R 3 or 
hydrogen. The polysilazane is soluble in an organic solvent as 
mentioned above, and for example, as shown in the following 
figure, a polysilazane insoluble in an organic solvent can also 
be used as a raw material. In theser polysilazanes\ since the 
reaction products with the phosphorus compounds are also 
insoluble in an organic solvent, there is a limitation in terms 
of reaction. 
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(Si(NH) 2 ) n M. Billy, Bull. Soc. Chem. Fr., 183 (1962) 



(Si 2 N 2 H) n M. Billy, Bull. Soc. Chem. Fr., 1550 (1961) 



M. Billy, Compt. Rend., 250, 4163 (1960); 251, 1639 (1960) 



The ^po^ used in the present invention has a 

number average molecular weight of about 100-50,000 and is 
composed of ring-shaped polysilazane, chain-shaped polysi^L azane , 
or these mixture. The raw material^ p6^ 

preferably used in the present invention has a number average 
molecular weight of about^"5^20, OO^^more preferably about 500- 
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10,000. If the molecular weight is too small, the reaction 
products with the phosphorus compounds also have a low molecular 



weight, and the property is a viscous liquid, so that not only 
there is a limitation in terms of application, but the amount, 
being flown during the burning process is large. Also, the 
ceramic yield is low. If the molecular weight is too large, the 
reaction products with the phosphorus compounds are insoluble in 
an solvent or are apt to be gels, which is not preferable. 



s The phosplrorus— compound being used in the present invention 
jis represented by any of the above-mentioned general formulas 
\U)-(V) . 

The number average molecular weight of the new polysilazane 
of the present invention is in a range of 200-500,000, 
preferably 800-200,000. 



In manufacturing the polyphosphosilazane of the present 



invention, ^po-\ysila^ a number average molecular weight 
of about 100-50,000 and a phosphorus comp ound r epresented by the 
above-mentioned general formulas (I), (II), (III), (IV), or 
(IV). 



There is no particular limitation in the polysilazane being 
used in the present invention, and an obtainable polysilazane 
can be used. However, in terms of reactivity with the 



phosphorus compound, in the polysilazane represented by the 



general formula (IV), R 1 , R 2 , and R 3 are preferably groups having 
steric hin drance.. I n other words, as R 1 , R 2 , and R 3 , a 



hydrogen atom and^an^alkyl group of C1-5 are pref erableAand a 




hydrogen atom and an alkyl group of Ci- 2 are more preferable. 

- \ 

T<h^phosphorus compoundjlpeing used in the present invention 
is not particularly limited, however in terms of re a c tTvTE Y7~~R* 
in the formulas (I)-(V) is preferably hydrogen atom, halogen /9 
atom, and alkyl group and alkoxy group of C1-20/ more preferably 
hydrogen atom, halogen atom, and alkyl group and alkoxy group of 
Ci-10, and most preferably hydrogen atom, halogen atom, and alkyl 
group and alkoxy group of C1-4. Generally, R 4 in the formulas 
(I)-(V) is preferably selected from hydrogen atom, halogen atom, 
alkyl group having 1-10 carbon atoms, alkoxy group having 1-10 
carbon atoms, and aryl group having 1-10 carbon atoms, more 
preferably selected from methyl, ethyl group, n-propyl group, i- 
propyl group, n-butyl group, i-butyl group, t-butyl group, 
phenyl group, benzyl group, tolyl group, methoxy group, ethoxy 
group, n-propoxy group, i-propoxy group, n-butoxy group, i- 
butoxy group, t-butoxy group, and phenoxy group. The mixture 



is 



ratio of th^pol^s ilazan^ an j the phosphorus compo und 
prescribed so that the P/Si atom ratio is 0.001-100, preferably 
0.01-60, and more preferably 0.02-1.5. If the mixture ratio of 
the phosphorus compound is higher than this range, the 
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phosphorus compound is simply recovered in an unreacted state 
without raising the reactivity with the polysilazane, and if the 
mixture ratio is lower than this range, a distinct high 
molecular weight formation is not realized. 

The reaction can also be carried out without a solvent, 



however compared with the use of an since the 

reaction control is difficult and a gel-state substance is 



sometimes generated, an organic solvent may generally be used. 



$s the(^sol^ent^ hydrocarbon solvent such as aromatic 

drocarbon, aliphatic hydrocarbon, and alicyclic hydrocarbon; 
ydrocarbon halide; aliphatic ether; and alicyclic ethers can be 
used. As preferable solvents, there are ethers such as 
methylene chloride, chloroform, carbon tetrachloride, bromoform, 
ethylene chloride, ethylidene chloride, trichloroethane, ethyl 
ether, isopropyl ether, ethyl butyl ether, butyl ether, 1,2- 
dioxyethane, dioxane, dimethyldioxane, tetrahydrof uran, and 
tetrahydropyrane and hydrocarbons such as pentane, hexane, 
methylpentane, heptane, isoheptane, octane, isooctane, 
cyclopentane, methylcyclopetane, cyclohexane, methylcyclohexane, 
benzene, toluene, xylene, and ethylbenzene . 

In order to obtain a high-molecular polyphosphosilazane, it 
is preferable to carry out the reaction of the polysilazane and 
the phosphorus compound under a basic condition. In this case, 



the basic condition means that a basic compound such as tertiary 
amines , secondary amines having a group with a steric hindrance, 
etc., made to coexist. Such a basic condition can be formed by 
adding a basic compound into a reaction solvent or using a basic 
solvent or a mixture of the basic solvent and the above- 
mentioned non-basic solvent as a reaction solvent. The amount 
of basic compound being added is at least 5 parts by weight, 
preferably 20 parts by weight or more to the reaction solvent at 
100 parts by weight. If the amount of basic compound being 
added is smaller than that, a distinct high molecular weight 
formation effect disappears. 

As the basic solvent, an optional basic solvent can be used 
as long as it does not decompose the polysilazane and the 
phosphorus compo.und as starting raw materials. As such a basic 
solvent, for example, trialkylamine such as trimethylamine, 
dimethylethylamine, diethylmethylamine, and triethylamine, 
tertiary amines such as pyridine, picoline, dimethylaniline, 
pyrazine, pyrimidine, pyridazine, and these derivatives, 
pyrrole, 3-pyrroline, pyrazole, 2-pyrazolyl, and these mixtures 
can be mentioned. 

The reaction temperature is preferably in a range where the 
reaction system is maintained at a liquid system. In further 
advancing the high molecular weight formation of the 
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polyphosphosilazane, it can also be reacted at the boiling point 
or higher of the solvent, however in order to prevent the 
gelation due to the thermal decomposition of the 

polyphosphosilazane, the reaction temperature is generally 200°C 
or lower, prefe ral^Y^ 

The pressure is preferably normal pressure. There is no 
particular limitation in the pressurization, however under 
reduced pressure, components with a low boiling point are 
distilled off, so that the yield is lowed, which is not 
preferable. The reaction time is generally about 30-1 day, 
however in order to further advance the high molecular weight 
formation of the polyphosphosilazane, the reaction time is 
preferably extended. 

Also, as the reaction atmosphere, in order to prevent the 
oxidation or hydrolysis of the phosphorus compound and the /10 
polysilazane as raw materials or the polyphosphosilazane of the 
product, a dried inert atmosphere such as dry nitrogen and dry 
argon is preferable. 

The reaction of the present invention is favorable since an 
expensive catalyst such as noble metal is not required. 

The polyphosphosilazane as the product and the phosphorus 
compound as the starting raw material can be separated by 
pressure-reduced distilling-of f of the phosphorus compound or 



gel permeation chromatography, high-speed liquid chromatography, 
etc. 

The new polyphosphosilazane being obtained by the method of 
the present invention is a polymer having a structure in which a 
partial of the polysilazane is condensed 

with hydrogen atom, halogen atom, or organic group of the 



jph*D~sphortis compound, a new silicon- (oxygen) -phosphorus bond or 



silicon-nitrogen-phosphorus bond is formed, and/or a partial 
nitrogen-hydrogen bond of the ^o^silazane^ is also condensed 
with the^plio^ph oru s compound. 

The new polyphosphosilazane of the present invention, as 
seen from the above-mentioned fact, has a structure in which it 
is crosslinked by a crosslinking group containing phosphorus 
compounds represented by the following general formulas (i)- 
(iv) . 

r* *• or r* r Vn 

J. . _-U- . -U-l- ./y: 

(i) («) (a) <*>) 



Since the phosphosilazane of the present invention is 
changed to a high-molecular substance by such a crosslinking 
group, needless to say, its molecular weight is higher than that 
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of the raw material polysilazane . In general, the new 
polyphosphosilazane as an objective of the present invention has 
a number average molecular weight of 200-500,000, preferably 
800-200,000. In the polyphosphosilazane of the present 
invention, the ratio of the phosphorus atom and the silicon atom 
in the polyphosphosilazane is in a range of 0.01-5, and it is 
soluble in an organic solvent. 

In the polyphosphosilazane obtained by the present 
invention, since the crosslinked structure and the molecular 
weight are increased, compared with the raw material 
polysilazane, the solidification is improved, and a rapid 
shaping at normal temperature is possible. Also, owing to its 
high molecular weight, the evaporation loss during a high- 
temperature burning can be reduced, so that the ceramic yield is 
improved. For example, according to the polyphosphosilazane of 
the present invention, a ceramic yield of 70% or more, 
furthermore, 80% or more can be obtained. 

The polyphosphosilazane of the prese nt invention is simply 



converted into a ({eramic^y burning i t in an atmosph ^ce^gas^or 
under ITacuumT As the atmosphere gas, nitrogen is favorable, 
however ^argon and ammonia can also be used. Also, a mixed gas 
of nitrogen, ammonia, argon, hydrogen, etc., can be used. 
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The burning temperature is generally in a range of 700- 




1,900°C. If the burning temperature is too low, a long time is 

required for burning, and even if the burning temperature is too 

high, it is disadvantageous in terms of energy- cost. 

——.The temperature rise rate is generally in a range of 0.1- 
~ *" — ^ 

300°C/min. ^If the temperature rise rate is too slow, a long time 
<S 

is "required for burning, and if the temperature rise rate is too 
fast, since the thermal decomposition and the contraction are 
caused at a time, cracks are generated in the ceramic. With the 
control of the temperature rise rate to 0.5-50°C/min in a 
temperature range of 600°C or lower where the thermal 
decomposition of the polyphosphosilazane is mainly caused, a 
good result can be obtained. 
(Effects of the invention) 

The polyphosphosilazane of the present invention is soluble 



in an organic soPv^rTt and has excellent adhesion to various 



kinds of base materials. The polyphosphosilazane of the present 
invention has excellent spreadability and can easily form a thin 
film on the base material by a simple coating such as dip 
coating and spray coating. Then, the thin film of the 
polyphosphosilazane molded on the base material in this manner 
can be changed to a transparent ceramic film by a heat 
treatment. The ceramic film is excellent in the adhesion to the 
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base material, heat resistance, corrosion resistance, and wear 
resistance and has a high refractive index. Therefore, the 
polyphosphosilazane of the present invention is used as an 
optical material such as antiref lective film and a coating 
material of the optical material and can also be applied as a 
new material in the field of aerospace industry, automobile 
industry, construction material, etc. /II 
(Application examples) 

Next, the present invention is explained in further detail 
by application examples. 
Referential Example 1 

In a four-necked flask with an inner volume of 1 L, gas 
blow tube, mechanical stirrer, and Dewar condenser were mounted. 
The inside of the reactor was substituted by a deoxidized dry 
nitrogen, and 490 mL degassed dry pyridine was put into the 
four-necked flask and cooled with ices. Then, when 51.6 g 
dichlorosilane was added, a white solid adduct (SiH 2 Cl 2 ■ 2C 5 H 5 N) 
was generated. The reaction mixture was cooled with ices, and 
51.0 g purified ammonia was blown through a sodium hydroxide 
tube and an activated carbon tube while stirring. 

After finishing the reaction, the reaction mixture was 
centrifuged, washed with a dry pyridine, and filtered in a 
nitrogen atmosphere, so that 850 mL filtrate was obtained. When 



the solvent was distilled off from 5 mL filtrate under reduced 
pressure, 0.102 g resin solid perhydropolysilazane was obtained. 

When the number average molecular weight of the polymer 
obtained was measured by a GPC, it was 980. Also, when the IR 
(infrared absorption) spectrum (solvent: dry o-xylene; 
perhydropolysilazane concentration: 10.2 g/L) of this polymer 
was reviewed, it was confirmed that an absorption based NH at a 
wave number (cm" 1 ) of 3,350 (an apparent absorption constant e = 
0.557 Lg^cnf 1 ) and 1,175, an absorption based on SiH at 2,170 (e 
= 3.14), and an absorption based on SiH and SiNSi at 1,020-820 
were shown. Also, when 1 HNMR (proton nuclear magnetic resonance) 
spectrum (60 MHz solvent CDCl 2 /ref erential substance TMS) of this 
polymer was reviewed, it was confirmed that a wide absorption 
was shown. In other words, an absorption of 54.8 and 4.4 (br, 
SiH); 1.5 (br, NH) was confirmed. 
Referential Example 2 

A reaction was carried out using the same apparatus as that 
of Referential Example 1. In other words, 450 mL degassed dry 
tetrahydrofuran was put into the four-necked flask shown in 
Referential Example 1 and cooled in a dry ice-methanol bath. 
Then, 46.2 g dichlorosilane was added. This solution was 
cooled, and while stirring, 44.2 g methylamine anhydride was 
blown as a mixed gas with nitrogen into it. 



After finishing the reaction, the reaction mixture was 
centrifuged, washed with a dry tetrahydrof uran, and filtered in 
a nitrogen atmosphere, so that 820 mL filtrate was obtained. 
When the solvent was distilled off under reduced pressure, 8.4 g 
viscous oily N-methylsilazane was obtained. When the number 
average molecular weight of the polymer obtained was measured by 
the GPC, it was 1,100. 
Refer eat.i.ajr~E x amp 1 e 3 

In a four-necked flask with an inner volume of 1 L, gas 
blow tube, mechanical stirrer, and Dewar condenser were mounted. 
The inside of the reactor was substituted by a deoxidized dry 
nitrogen, and 300 mL dry dichloromethane and 24.3 g (0.211 mol) 
dichlorosilane were put into the four-necked flask and cooled 
with ices. While stirring, 18.1 g (1.06 mol) purified ammonia 
was blown through a sodium hydroxide tube and an activated 
carbon tube. 

After finishing the reaction, the reaction mix the reaction 
mixture was centrifuged, washed with a dry dichloromethane, and 
filtered in a nitrogen atmosphere. When the solvent was 
distilled off from the filtrate under reduced pressure, 8.81 g 



colorless transparent rtSttyl (hydro) silazanfe^was obtained. When 



the number average molecular weight of this product was measured 
by the GPC, it was 380. 
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Referential Example 4 

120 mL pyridine solution (perhydropolysilazane 
concentration: 5.25 wt%) of the perhydropolysilazane obtained in 
Referential Example 1 was put into a pressure-resistant reactor 
with an inner volume of 300 mL, and 13.0 (0.0636 mol) aluminum 
triisopropoxide was added to it and reacted while stirring at 
120°C for 3 h in a closed system. After finishing the reaction/ 
the reaction mixture was filtered, so that a polyaluminosilazane 
as a filtrate was obtained. 
Application Example 1 



In a four-necked flask with an inner volume of 1 L, gas 
blow tube, mechanical stirrer, and Dewar condenser were mounted. 
The inside of the reactor was substituted by a deoxidized dry 



nitrogen, and 410 mL (3.50 mol W^frimethyl phosphiteVas put into 



(perhydropolysilazane concentration : 5.0 wt%) of the 



perhydropolysilazane obtained in Referential Example 1 was added 



to it and reacted while stirring at 80°C for 3 h in a nitrogen 



substituted by o-xylene, and the reaction mixture was 
centrifuged and filtered, so that a filtrate was obtained. When 
the solvent of the filtrate was distilled off at a pressure of 
10 mmHg and a temperature of 40°C under reduced pressure, a 



the four-necked flask. 




gas flow. After finishing the reaction, the solvent was 



/12 



38 



powder with a tea color having no solvent re-solubility was 
obtained. 

When the number average molecular weight of the reaction 
product was measured by the GPC, it was 1,515. When its IR 
spectrum was analyzed, it was confirmed that an absorption based 
on NH at a wave number of 3, 400 cm" 1 and 1,200 cm" 1 , an absorption 
based on SiH at 2,200 cm" 1 , an absorption based on SiH and NSiN 
at 1, 020-820 cm" 1 , an absorption based on CH at 2, 950 cm" 1 , 2,850 
cm" 1 , and 1,460 cm" 1 , and an absorption based on SiO at 1, 080 cm" 1 
were observed. 

The above-mentioned reaction product was heated at a 
temperature rise rate of 3°C/min up to 1, 000°C in ammonia and 
thermally decomposed, so that a solid with a tea gray color was 
obtained at a yield of 77.1 wt%. The element analysis values of 
this solid were 44.2% Si, 21.1% N, 28.5% 0, and 3.43% P by 
weight. 
(^Application Example 2 




An o-xylene solution (polyphosphosilazane concentration: 



5.0 wt%) of the polyphosphosilazane obtained in Application 



Example Has coated on a silicon substrate in a nitrogen 



atmosphere by a spin coater. The coated thin film was heated at 
a temperature rise rate of 3°C/min up to 800°C in nitrogen, so 
that a transparent Si-N-P system ceramic thin film was obtained. 



When the film thickness and the refractive index of the 
ceramic thin film were measured by an ellipsometer , the film 
thickness was 958 A, and the refractive index was 1.9. 
Application Example 3 

In a four-necked flask with an inner volume of 100 mL, gas 
blow tube, mechanical stirrer, and Dewar condenser were mounted. 
The inside of the reactor was substituted by a deoxidized dry 
nitrogen, and 10 mL o-xylene solution (perhydropolysilazane 
concentration: 5.0 wt%) of the perhydropolysilazane obtained in 
Referential Example 1 was put into the four-necked flask. 2 mL 
(0.01 mol) hexamethyl phosphorus triamide was further added to 
it and reacted while stirring at 80°C for 3 h in a nitrogen gas 
flow. After cooling it at room temperature, when the solvent of 
the reaction product was distilled off at a pressure of 10 mmHg 
and a temperature of 40°C under reduced pressure, a powder with a 
tea color was obtained. 

When the number average molecular weight of the. reaction 
product was measured by the GPC, it was 2,304. When its IR 
spectrum was analyzed, it was confirmed that an absorption based 
on NH at a wave number of 3, 400 cm" 1 and 1,200 cm" 1 , an absorption 
based on SiH at 2,200 cm" 1 , an absorption based on SiH and NSiN 
at 1, 020-850 cm" 1 , an absorption based on CH at 2, 900 cm" 1 , 2,800 
cm" 1 , 1, 480 cm" 1 , and 1, 460 cm" 1 , and an absorption based on CN at 



1,080 cm" 1 were observed. Furthermore, when its 1 HNMR spectrum 
(CDCI2, based on TMS inside) was analyzed, an absorption of 54.7 
ppm (br, SiH 2 ), 54.3 ppm (br, SiH 2 ) , 62.7 ppm, 52.5 ppm (CH 3 N) , 
and 1.3 ppm (br, NH) was observed. 

The reaction product was heated at a temperature rise rate 
of 3°C/min up to 1, 000°C in ammonia and thermally decomposed, so 
that a solid with a black color was obtained at a yield of 92.6 
wt%. The element analysis values of the ceramic obtained were 
58% Si, 24.4% N, 4.3% C, 9.22% 0, and 4% P by weight. 

Also, when an o-xylene solution (polyphosphosilazane 
concentration: 5.0 wt%) of this reaction product was coated on a 
silicon substrate by a spin coater similarly to Application 
Example 2 and heated at a temperature rise rate of 3°C/min up to 
800°C, the film thickness of the ceramic thin film obtained was 
940 A, and its refractive index was 1.8. 
Application Example 4 

In a four-necked flask with an inner volume of 200 mL, gas 
blow tube, mechanical stirrer, and Dewar condenser were mounted. 
The inside of the reactor was substituted by a deoxidized dry 
nitrogen, and 30 mL pyridine solution (perhydropolysilazane 
concentration: 5.0 wt%) of the perhydropolysilazane obtained in 
Referential Example 1 was put into the four-necked flask. 21.7 
mL pyridine solution (perhydropolysilazane concentration: 3.70 



wt%) of the perhydropolysilazane was added to it and reacted 
while stirring at room temperature for 25 h in a nitrogen gas 
flow. After finishing the reaction, the solvent was substituted 
by o-xylene and filtered, so that a filtrate was obtained. 

When the number average molecular weight of the 
polyphosphosilazane in the filtrate was measured by the GPC, it 
was 1, 299. When the IR spectrum of . its phosphosilazane was 
analyzed, it was confirmed that an absorption based on NH at a 
wave number of 3, 400 cm" 1 and 1, 200 cm" 1 , an absorption based on 
SiH at 2,200 cm" 1 , an absorption based on SiH and NSiN at 1,020- 
820 cm" 1 , and an absorption based on PN at 1,220 cm" 1 were 
observed. /13 
Application Example 5 

An o-xylene solution ( p o l^p h o s p h o si laj>.a n e concentration: 
5.0 wt%) of the polyphosphosilazane obtained in Application 
Exampd e^^ was coated on a glass substrate by a dip coating. The 
coated thin film was heated at a temperature rise rate of 3°C/min 
up to 200°C in nitrogen, so that a transparent Si-N-P film was 
obtained. 

The film thickness and the refractive index of the ceramic 
thin film were 5,600 A and 1.6, respectively. 
Application Example 6 
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A four-necked flask with an inner volume of 100 mL was 

constituted similarly to Application Example 1, and the inside 
O 

of the reactor was substituted by a dry nitrogen. 30 mL y- 
picoline solution ( (N-methyl polysilazane)concentration : 10.0 



wt%) of the N-methyl polysilazane obtained in Referential 



Example 2 was put into the four-necked flask. Furthermore, 1.2 



mL (0.01 mol) trimethyl phosphiteX^as added to it and reacted 
while stirring at 80°C^for-3^R"in a nitrogen gas flow. The 
precipitate with a tea brown color generated was centrifuged, 
and the supernatant fluid was filtered. When the. solvent of the 
filtrate was distilled off under reduced pressure similarly to 
Application Example 1, a rubber-shaped solid with a light tea 
brown color was obtained. 

Also, when the ypicoline solution (polyphosphosilazane 
concentration: 5.0 wt%) of the reaction product was coated on a 
silicon substrate by a spin coater similarly to Application 
Example 2 and heated at a temperature rise rate of 3°C/min up to 
800°C, the film thickness of the ceramic thin film obtained was 
876 A, and its refractive index was 1.8. 
Application Example 7 



100 mL o-xyleji^spXuiJ^^ 
concentration: 6.0 wt%) of t{Te^j^ 

in Referential Example 3 was put into a pressure-resistant 
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reactor^ with an, in ner volume of 300 mL, and 4.2 g (0,02 mol) 



stirring at 120°C for 3 h in a closed system. The white 
precipitate obtained was filtered, and when the solvent of the 
filtrate was distilled off under reduced pressure similarly to 
Application Example, 4.8 g colorless transparent rubber-shaped 
solid was obtained. 
Application Example 8 

An o-xylene solution (polyphosphosilazane concentration: 10 
wt%) of the polyphosphosilazane obtained in Application Example 
7 was coated on a silicon substrate in a nitrogen atmosphere by 
a brush coating. The coated thin film was heated at a 
temperature rise rate of 3°C/min up to 800°C in nitrogen, so that 
a transparent Si-N-P film was obtained. The film thickness and 
the refractive index of the ceramic thin film were 9,500 A and 
1.8. 

Application Example 9 

A four-necked flask with an inner volume of 100 mL was 
constituted similarly to Application Example 1, and the inside 
of the reactor was substituted by a dry nitrogen. 40 mL o- 
xylene solution (polyaluminosilazane concentration : 5.0 wt%) of 
the polyaluminosilazane obtained in Referential Example 4 was 
put into the four-necked flask. Furthermore, 4 . 0 mL (0.02 mol) 




as added to it and reacted while 



hexamethyl phosphorus triamidg) was added to it and reacted 
whiTe^sTirring at 80°C for 3 h in a nitrogen gas flow. The 
reaction product was filtered, and when the solvent of the 
filtrate obtained was distilled off under reduced pressure 
similarly to Application Example 1, 1.5 g yellow solid was 
obtained. 

Also, when the o-xylene solution 
(polyphosphoaluminosilazane concentration: 5.0 wt%) of the • 
reaction product was coated on a silicon substrate by a spin 
coater similarly to Application Example 2 and heated at a 
temperature rise rate of 3°C/min up to 800°C, the film thickness 
of the ceramic thin film obtained was 960 A, and its- refractive 
index was 1.8. 
Comparative Example 1 

An o-xylene solution (perhydropolysilazane concentration: 
5.0 wt%) of the perhydropolysilazane obtained in Referential 
Example 1 was coated on a silicon substrate in a nitrogen 
atmosphere by a spin coater. The coated film was heated at a 
temperature rise rate of 3°C/min up to 800°C in nitrogen, so that 
a transparent silicon nitride thin film was obtained. When the 
film thickness and the refractive index of this ceramic thin 
film were measured by an ellipsometer , the film thickness was 
910 A, and the refractive index was 1.6. 



Comparative Example 2 

An o-xylene solution (perhydropolysilazane concentration: 
10.0 wt%) of the perhydropolysilazane obtained in Referential 
Example 1 was coated on a glass substrate by a dip coating. The 
coated thin film was heated at a temperature rise rate of 3°C/min 
up to 200°C in nitrogen, so that a transparent silicon nitride 
thin film was obtained. The film thickness and the refractive 
index of this ceramic thin film were 6,100 A and 1.3, 
respectively. 
Comparative Example 3 



An o-xylene solution (mej:hylhydropolysilazane) /14 



concentration: 6.0 wt%) of the methylhydropolysilazane obtained 
in Referential Example 3 was coated on a silicon substrate in a 
nitrogen atmosphere by a brush coating. The coated thin film 
was heated at a temperature rise rate of 3°C/min up to 800°C in 
nitrogen, so that a transparent silicon nitride thin film was 
obtained. The film thickness and the refractive index of this 
ceramic thin film were 9,130 A and 1.6, respectively. 
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-50,000(0 'J 7 If > t , TB-iA(D'(V) 
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* y £/ 7 if > 0Si-H|fc £ 4: . P (R 4 ) , tf> 3 *> . 7 
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an*. 



-228- 



5/15/07, EAST Version: 2.1.0.14 



-Si-N-H+PH«(R 4 ),-. - -jHjKPX^ 1 (R 4 ).--+H, (18) 
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± -c * a . ft tt <b ^ « © * an * * - ft * « '> * 

< ft a i: , * L B £ * * 0 » * * * < * * • 

■»fv&t;u><b^«5«:^»^ftv^^*C*ft^« 
«flD^^^ffiffl^*a. ft fcflfcbT I*. 

« . h'j^/V7;V, i/^;i/xf;i/7; 
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a CD » * U ^ . ,-K';/-t;^^i/ : 7lf><0B7> : ?-* 
i:J:4Y;i/it^<7:i!), 200*0 £1 T . # 

n< i±-78t:-i5or tcfa©^ff*b^. 
a -n it n & # » * l . jnsictsrfccit^ 

K n ft tt ft ^ . « ffi T "C tt . <£ » fifc t> # « * 

<5l*^<&TT4©T?»*t<ftv>. 
Iffltt. - IK tc30^ * «p 1 B SftT' * * tf. ^'J* 
A*5/7if><JDB^^*<bfi:S 6 ic « «> 4 tt . 

iRj«;#Hai:LrttIR^<0'J><b^4*& 
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V- # ij > =7 if y k * v> \t £ & 0) sf? U * x * £/ 7 
ifynKfb^flD •£ jft S it * 

L, n £ T *f #J "C * * . 

**rc0#fc*t&&ft*tr*rfy***J'5if 
#y^?if>a — 

u i/ 5 if y ><t*lfc 



?*F,f)¥4-164fKi3 (10) 
fc * it * * r * * ff> T- * a . 

R* R* R T R* R' Vn 

I I III s %, 

-p- , -0-P-0- , -N-P-N- , P 

P=N 

(i) (ii) (iii) (iv) 

t J: «K»^ft4hTk»ftSi:*6. * 0) # * ft 

*8*ii$ftfcfcakfc*. -aaftci*. 

ft 200-500,000, # ft L < li . 800-200, 000 $: £ 
-5. #£!EtC<fc*#Utf**^7ifV0«£. 

y 5 if>*<By>J>SxkW$JExktf) 

jfci*o.om±5#T<attH k & y . 

ftKiiJ»rfc * . 

* 09 k <k U ft ft tz X y * * * •> 7 if > a . 
jK##y 4/ ?if:/«fcy ##Jra 

T * T , * ® tt ± L . tifit?t*^^<tR 



JfMb *J ft T? * * . ft * iS#*ftr&*;:kic 
9S»^d*«5*i:t«. ft A. tf . * # © # 

y * 7. * •> 7 if > tc «* n 70$ jk ± . $ £ ic \t ao* 

J^A Jb CD i: 5 a tfft£*i*. 

* & «E <0 # y * A * 7 if > . »ia^^T. 
A4iU4KffiH»-e«i*-rac:k*:*y, » * £ * 
7;yUi:K«a4. #H&#XkLTttS 

* f! £ T ifc * * 7 /l/ if > . 7 > * - 7 & ffi 
n*wkfc-C£*. ftfc. fifc, 7V*-7, 7 

=f > . **$©ig£;tfx*«fflT*-k*-es 

tti£S«i*. - « ic i* . 700-i90orco|gHrt-e 

* it & * y ffi < bxfcx*^*--^*^^**! 
-c & * . 

#fi»*ii, o.it:/#-3OOic/#0 
« b *j t <& * . >i-r*«J:*aic£ff 

WfcgL, ft fca* * k HR*tf-B*K 



'J * X * •> 7 if > 4) ft # # ± k L T 

t:/#-50tc/# k tt»-f * r fc t- A # 
& *i * . 

y***f?if:/tt, « a ft ft £ »r 

* -e * y • #ii»i:»iTtcftfe«fttU 
t 4. *«^^^y^j^*i/7if>n, & *j tt k 

* <' ft . r^yt/ii-x^:/^*. a 7 u - u - 

<» x 5 \z \, x m# ±k&b z titz* v * is v 

ifv0»«tt. fRi A S tc cfc y , Mt73';H 
Slk-f*cktf-C£*. c:©-fe5*y0xRtt. 

*«tc^-r e>»i»tt, want. 

ttox. *«^co^y^x*^7if>ii, 
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fcK*«lflft3S«Wfc<fc »j ^ t> K&m^&w* 
1 

KfiUfe. fij&»rt#ftKttiRL/i«»e*-cR 
V 490«ftftAft. mftfttebk. fctci/?an 
(SiH.CA.-ZC.H.N)!^** L fc. JR £ £ £ ft ft * ft 

t. a » l ft ** 6 • *«itth'jn*x^i£tt 

6iab. *tt850aftft#fc. 6 K 5o« * 6 * * ft * 
ff«* , T*fctt«H*tt'<A'fc K o # U f 9 If > 
0.l02gtf$ ft tlfc. 

m&ti Xt L T * * A, £ . 

£ £ ** 7 & . £ # ig £ ft i§ <l> # * L . * r 

*#BftTt?*a LT 6« 820rtftt9fc. 8&ft 
«ffi«*-r * t tttttttKN-* f v if > #8.4g 

GPCIC ck U L tz £ Z *> HOOT? & o . 
3 

I fi l f: . jRjC»rtfflftft«iRbfett»fi3l|-Cfi 
300 4 & * jl/ i/ ? DDi/7V 24. 3t (0.211 sol) 

ft a n . * u t . a » u ft # ft . * m it -r h y 

lB.lg(1.06.ol) ft 

£ ** 7 « . £0tt*tt*a<b0ttl. ttfti/ 

T6J8Lf:. *«*6»jKftii*ff«£-r*i:Mfc 
a 38 <0 > f;Kt K o ) i/ =7 * > ft 8.81g# tz . d 



J$Bf1¥ (11) 
t9 ft ft * u v - w ft ¥ $ # ? ft « gpck «* u 

>;/<^t KD#'J«>7lf > 0>«& :10.2g/fi) ft # 
Wtit, tt«[(cii- 1 )3350(I 4 ^W«) , 3RA(fi«: « = 
O.557flg" l ci- l &l/11750NHtC«^J < «fi*R;2170 
( £ =3.14)CDSiHt: < flftlfc J 1020-820 0SiH&tf 
SiNSi ic»r5<«HDlft^Tri:^*K*nfc. £ 

*2 h;M60MHz **coca a /*«i«jRTiis) fc*» 

ftfc. «J*> i 4.8fttf4.4(br,SiH);1.5(br, 

^#Wli:|Bl-©KSftffl^^S^ft^T^ • 
fcttfcr h 7 t K Q 7 5 > 450«fl ft A ft. c ft ft 

K7-f 7-f & k 

^ d d s/ 5 >46.2«ft Un^fc. c <b JStt ft l . 

« # L ft ft M * * * ^ 7 * V 44 . 2g ft ft & i: 0 

C 5 . 380? o . 

# # 09 1 T» # ft ft ^ ;i> t K Q /f 'J 7 f 
f 'J f fl> k K n U ->5-»f>tf>aJK:5. 

2SSl?)120aft ft . rt8ft300rf®ffgfift8£lC 
An, 7 )\> * - * A h U -f V 7 □ * 2/ K 1 3 . Og 
(0.0636noa)&flDX. & Bfl ft T' 1 20 r t? 3 B» |ffl ft # 
L ft ft £ £ ft ft ft o . JR £ H 7 & . jR <& g ^ 
«9Hlfil. Lt*'J7/l/5 >i/7lf>S; 

Cj8»i4(Diaoa77XDi:, 1S x S * . 

BU:. sjC«rtaftR»3«Lfc«j»aiR*ett« 

Lfcft, hiJ^f;i/*777^ h410ifl (3.50«ofl) 

;i/ 1 K p ifi U ^ 9 If > © f U > » ft A/ 1 K 
Drff»j'>^if>«*Jt:5.ofi*$)3 00rfftin^. 
a * «i * t t aor *c 3^ ra a «s u ft *^ ft s jc ft ^ 
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ft , JRjG«£ttftift*i>#«L. <5 ifi U T * * 
£ tt 0) fll & & BE # lOaaHg. a«40TCT-«f£ 

fcU-!,, « tt3400cB- 1 , nOOca-^CNHlca^ < 
# to . 2200c.* 1 H SiH K g -3 < «» to . 1 0 2 0-8 20 
c.-'KSiH&tfNSiNlcSrWq&to- 29 50c.- 1 , 
2850c." 1 . 1460c.- 1 CCHK < «to. 1080c.- 1 
IZ SiO K £ < # iCl « n S ft . 

±K£/££fiafc*7>* - 7 *T 10001C * V # 

fi8&3T:/#-e ana u , fR^WT & - * v . *0c 

ftaHfc £77.1fi**<0 to**C#£. z (7) ® 0) 

7t*#tf<»®\ts mmmmv. siM4.2*. n; 21 . 1 

*, 0;28.5*/. P;3.43«T- & ^ tz . 
3118 09 2 

^U>«tt(;tfU*A*:>7tf><&it£5.0l;**) 



raffle 4-164923 (12) 

^V>-Ktll!^Lf;i::i. © & 958 A . £ 

#f * 1.9-e & o fc . 

^88^00^000077*3^ 

"C IB & L & , M«lT»^Mil/tHD# 
U'>7*f>Wo-*i/l/>l8tt(^/i/t K D stf U <> 
5-»f>©jifi:5.0S*S5)10Btt$:Egon7^7,3tC 
A ft . «6KA#*^**X*9Xhi;7S K 
2.0 (0.01. oft) &*D;tT . a*fl*T801CT3^ra 
« # t « A* 6 JC fe « ft o fe . S £ tc # 51 « . R 
££fi&tt0»8fcffi7MO.«Hg. fift40iCt?«ff© 



Z 6 . 2304 Tfcofc. * 0 IR A * £ h ;u fc L 
Z Z . &K 3400CB- 1 . 1 200c.- 1 KNHIC g < 
ifi to . 2 2 00c." 1 H SiH K £ -3 <« to , 1 0 20-8 50 
c.- l t:SiH&0«NSiNlw«t5<«to. 29 00c." 1 . 
2800c.- 1 . 1 480cm" 1 . 1 460ca"M:CHlcao' < «to, 

1 080c.- 1 i:cni: ft -3 < «fitotf«382 ft . s £ k 

^O'HNHRA'** h/MCDCfi,. THSrt&«*)fc# 
ffi L C 6 . 54. 7pp. (br, SiH,), 5 4.3ppo(br, 
SiH,). 5 2.7pp.. 5 2.5pp.(CH,N) . 1.3 PP .(br, 

-cD£££&fc&7>-r-7*-e looor * t? # 
B»«3*c/#-e/njJ» u , l^»ti:tT, 

Efc &92.6fi*$0 to*?***:, fc&ftfc*?* 
* * 0 7t*#tf <Offittfi*«*-C . Si;58SL N;24. 
4S, C;4.3*. OJ9.22S5. P\4$V & r> tz . 

^A*i/7if>CO»*5.0miS5)$:||««g2i:^« 
K*tf>3-*T'>U3>««tC3-xw'>^L. 
aoor* T a&&R2'c/&vmmi' tz £ Z 6. # 
6ftfc*-j*v*xf*«0«J-ltt94OA, jStfr* 



It 1 . 8 V th r> tz 

Tfittlfe», # # « 1 T- » 6 ft fc * fc K D 

u i/ 7 * > a f »j > m m >i> t k d sf? u •> v 

•9 r >)^2i«;5.Ofi*$)3OBtt$:0OP 7^X3^ 
Aft. *X*:h«J'^?n5O'h'J7-0^ 

-®a«:3.70«ft«)21.7rf & j!)D ?L . SfcftftT. 
$aT25^Wa^Uft^e>SJ5&«rt7o fe. JRJ^H 

GPC-C ffi^ Ufc i: d 5 1299-C tb -o tz . -t(O^A* 

3400c.- 1 , 1200c." 1 ^CNHIC K r5 < «to, 2 200c. 
SiH K IS-* < qftto. 1 0 20-8 20c." 1 C SiH & t/NSiNlC 

«r5<«to. moc.-'upiHis^ < ©to^«as$ 
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ti T^fii«JS3x:/^-eijDjft jama fcSi-N-p® 
& *9fc. 

tfJ@#T*U± 5600 

# *9 6 ft fc N- * * /U U <s =? <fvO y - tT 3 

U >»tt(N-> U f ^ * >coii&10.ofi*sO 

* A 7 7 <f hl.2afi(0.01«oa)&ft)X.Tfi3lift»T 
ft01C-C3« Iffltttf b , JfcJSfcftofc. 



»Bn¥4-164H23 (13) 
ifc. w VSLtoGLtiLtoto y - f3 'J u 

£ ft -fe 7 5. si * * ft m CO 61 £ 1± 876 A . m m * 1 . 

^tW3ffl6n/S:^f ibt K D # »J •> 5 «f > 

««6.0Sft5fi)100«fl fcrt8«3OO*l<0iS*ffjRjGg 
SIC Aft, ££<b V4.2g(0.02moa)&^X.Tg6 
M^ri20rr3^ram^b>i^65LiCS:t7^ofc. 

ic»ffi«ifcufchca, & ft a a * a <* @ * a 

3**tt 8 

</u;/»8KrfU*x*'>5tf>®««ioS**) 
fe . i± Jfc y k «* o r s * # B ft T t: s/ u □ > S 



lie ^ — t 4 > # I, ft. zmn-T 4 y 
temtpvioox: t -e#i&a JK3ot;/#-ej&ij*& l . 3 

WUSi-ti-Prntotfttz. z flir 7 S v O *»B|0> 
fllfc&tf fi tfr#li 9500A &IM.8-C fco fc. 
*JS« 9 

rt£«lOOrf00^P77X3lc£»flli:|3]a& 

0*404? 19 fcftkrf u 7;i>s y 7*f>(Do-* 

|)40rftB"3n79X3K:A<V. * 6 £ * * 
f il/ * ^ ^ 7 ^ h 'J 7 £ K4.0bI> (0.0 2moJ2) fc^i 
Tfi*ft8*T80r ? 3#(H!«# U ft 6 5: ft 

r>tc. *9*ftfc*«eo»a 

yVv^>fflilK5.0filJ{)S:^iCW2i:ra 

^u, soor * "C#fia *3r/^*e ana u i: z 



&T $1* 1.8T * o fc. 

S^i-etSSftfc^/i/fc Ko^Vi'^lfxCo 

f'J^lltn-foHfe. c«3~xw 
v *K fcgj&^rsoor *T?#i&2gg3-c/#?i&o. 
in u . a«ftft<t3**nti9fc. z <& n ^ 5 ? 

«5 £ L £ * . K J? 910 A . JSffT*i.6-C^-D fc. 
it«#l 2 

#*mr*9&ftfc'*yi't Kn^f'j ->7f >©o 
- * U > » » ;u t Kd#'J J^7lf >0||[:1 

i:3-fo^Lf:. r<B3-T^>^i»BI&fi 
9R^-e20or*-c#aa«3r/^r aq« l. 

«»&t/«tff*tt^#i-rn6iooAat/i.3-e*o 
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« « ;6.0fi MS) & li 31 »J K^tlilfBaT 

t /ra fft o . a iw s (t a * n m * . wtf>*7 

5y^^«B©««Aa**»»9130Aatfl.6 



4$ ^ £ti fll A Jfc 18 # * £ *t 
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